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Table 4: Domestic Endothelial Keratoplasty Numbers 

Annual Comparison 2012 – 2014 
 

Domestic Surgery Use 2014 2013 2012 

Total Endothelial Keratoplasty Procedures 25,965 24,987 23,049 

DSEK, DSAEK, DLEK Procedures 23,100 23,465 22,301 

DMEK or DMAEK Procedures 2,865 1,522 748 

 
 

Indications for Transplant:  
The indications for keratoplasty procedures utilizing 69,833 corneas provided by U.S. eye 
banks for PK, ALK and EK are shown in Table 5: Indications for Corneal Transplant 
Reported by U.S. Banks, on page 61 of the report.  Unfortunately, since 2011 the most 
frequent indication for transplant noted on forms returned to eye banks has been 
“unknown”.  The data for different procedures that are used for different diagnoses is 
potentially skewed since the diagnosis is unknown for over one third of PKs, one third of 
ALKs and one sixth of EKs.  
 
Table 6 below shows the data in Table 5 (page 61) condensed into four basic categories 
that illustrate the main diagnoses for procedures performed: 1) endothelial cell failure, 2) 
stromal or full thickness (non-endothelial) disease, 3) regrafts and 4) unknown. Within 
specific diagnosis categories, Fuchs’ dystrophy was the most common indication for 
keratoplasty in 2014 (15,013, 21.5%). Post cataract surgery edema was second (8,529, 
12.2%) and keratoconus (6,981, 10.1%) was third. Repeat transplants were fourth (6,811, 
9.8%).  The order of these four categories was essentially unchanged from 2013. 
 
The data in Table 6 are essentially unchanged from 2013.  92% of patients with Fuchs’ 
dystrophy were treated with EK. Presumably those 8% who received a penetrating 
keratoplasty had stromal haze that would have impaired visual acuity after endothelial cell 
replacement. 89% of patients with keratoconus were treated with penetrating 
keratoplasty, while 11% had ALK. Presumably the difficulty of ALK or uncertainty over 
reimbursement continues to hold this ratio unchanged for the past three years.  
 
Endothelial keratoplasty numbers increased about the same amount as the increase in 
DMEK, suggesting that DSEK numbers remain fairly constant and the increase in EK is 
propelled by increasing numbers of DMEK.  Endothelial keratoplasty as seen previously in 
Figure 1 was the most common type of keratoplasty procedure performed in 2014. 

 
 

Note: Tables 1, 2, 5, and 6 refer to corneas provided by U.S. eye banks.  
Figures 1, 2, and 3 and Tables 3 and 4 refer to corneas transplanted in the U.S.
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Figure 1: Domestic PK vs. EK vs. ALK Surgery Trends 
 
 
 

The relative frequency of PK, EK and ALK procedures performed in the U.S. over the last 10 
years can be seen above in Figure 1: Domestic PK vs. EK vs. ALK Surgery Trends. The 
figures below track the number of DSEK and DMEK procedures on a monthly basis and 
show the increase in DMEK procedures starting in 2012.  Figures 2 (2011-2014 Domestic 
DSEK trend) shows relatively flat numbers. Figure 3 (2011-2014 Domestic DMEK Trends) 
shows increased interest in DMEK as an endothelial keratoplasty procedure. Table 4 below 
shows that while there was a slight decrease in DSEK numbers, DMEK increased 88.2% in 
2014, following a 103.5% increase in 2013. 

 
 
         Figure 2: Domestic DSEK Trends          Figure 3: Domestic DMEK Trends 
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•  Loading methods vary   
–  Aspiration 
–  “Pick up and put in” with forceps 

•  Dimensions of injectors differ greatly— 
–  Radius of ejection orifice may not matter 
–  Yoeruek E, Bartz-Schmidt KU, Hofmann J. Acta Ophthalmol. 2015 Jul 8. 
  

•  Ejection infusion pressures may differ significantly 
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do allow atraumatic delivery of the graft, the orien-
tation is not maintained during insertion since the
graft rotates freely inside the glass tube. To gain
more control over graft orientation, we suggested
the use of a cartridge designed for intraocular lenses
that is operated with a rubber plunger sealed against
backpressure and reflux [42]. Such intraocular lens
shooters have been successfully used by several ot-
her groups for delivery of the Descemet’s roll

[16,44&,54&]. Here, the stained roll is transferred
swimming inside the corneoscleral button into a
larger container in which the cartridge is placed
(Fig. 9a). The roll is then tugged out of the corneoscl-
eral rim and into the canal of the cartridge (Fig. 9b).
Insertion is performed with irrigation fluid under a
defined intraocular pressure of, for example,
40 mmHg. Such pressure can be applied by using
the irrigation handpiece (diameter 0.6 mm) (Geuder

FIGURE 8. Extent of Descemet’s membrane removal of the host in relation to the margin of the graft in Descemet’s membrane
endothelial keratoplasty (DMEK). (a) Small area of removal resulting in complete overlap of the graft’s margin and the host
Descemet’s membrane. (b) Large area of removal creating a narrow strip of denuded stroma between the margin of the graft
and the host Descemet’s membrane. The graft is shown in yellow. Source: original material.

FIGURE 9. Insertion of the graft in Descemet’s membrane endothelial keratoplasty (DMEK). (a) Stripped graft roll swimming
over the corneoscleral button. (b) Roll transferred into the canal of the cartridge. (c) Insertion of the graft while stabilizing the
anterior chamber with irrigation handpiece. (d) Position of the graft after injection. When the graft is about to leave the
cartridge, the irrigation is withdrawn. Source: original material.

Optimizing outcomes with DMEK Kruse et al.
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Patterns of Endothelial Cell Loss in 
DMEK tissues are Complex 

	
  



Segmentation To Find Cell Death Zones 
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Grag	
  Manipula3on	
  
Jones	
  Tube-­‐-­‐Glass	
   Viscoject	
  (Endoject)-­‐-­‐Plas3c	
  



Difference in Injector Parameters 
	
  

Plas%c	
   Glass	
  

Average	
  volume	
   0.13±0.004	
  cm3	
   0.414±0.075	
  	
  cm3	
  

Average	
  Horizontal	
  opening	
   1.91±0.04	
  mm	
  	
   2.37±0.22	
  mm	
  	
  
Average	
  Ver3cal	
  opening	
   1.94±0.07	
  mm	
   2.40±0.05	
  mm	
  

Average	
  orifice	
  area	
   2.91	
  mm2	
   4.45	
  mm2	
  	
  

Jones	
  Tube-­‐-­‐Glass	
  Viscoject	
  (Endoject)-­‐-­‐Plas3c	
  

~150%	
  larger	
  area	
  of	
  opening	
  



Study	
  Design	
  
•  Powered	
  to	
  detect	
  a	
  10%	
  

difference	
  in	
  cell	
  loss	
  
•  Confidence	
  level	
  of	
  90%	
  (α=	
  

0.05)	
  
•  9	
  grags	
  for	
  each	
  injector	
  18	
  

total	
  (not	
  suitable	
  for	
  
transplanta3on)	
  

•  2	
  Readers	
  were	
  masked	
  to	
  
injector	
  type	
  	
  
–  (no	
  sig	
  difference	
  between	
  2	
  

reader’s	
  results)	
  



Peeling Damage Patterns 

Heavy	
  Damage	
  ager	
  complete	
  peel	
  



Trephination  and Touch Damage 
	
  

Forceps	
  touch	
  site	
  Trephina3on	
  
skipping	
  



“S” Stamp Damage 

<	
  0.61%	
  (±0.2%)	
  cell	
  death	
  



Injector	
  Damage	
  

Viscoject	
  2.2	
   Modified	
  Jones	
  Tube	
  

Fine	
  Parallel	
  “scrape”	
  lines	
  	
  



NO sig difference between Glass 
and Plastic 

We	
  may	
  be	
  losing	
  
~30%	
  of	
  cells	
  by	
  
eye	
  bank	
  
prepara3on	
  	
  and	
  
passage	
  through	
  
tube	
  into	
  the	
  eye	
  
	
  
5-­‐10%	
  from	
  
injector	
  step	
  
alone	
  



•  Recently commercially available in US 
•  No 510K approval 
•  Glass 
•  Requires smaller incision than other 2 injectors 
•  Potential advantages  

•  smaller incision 
•  Greater chamber stability 

•  Potential disadvantages  
•  Cost 
•  Damage to graft do to output radius of injector 



DORC	
  Glass	
  injector	
  



Study	
  weakness	
  

•  Powered	
  to	
  detect	
  10%,	
  not	
  less	
  
•  Tightness	
  of	
  scrolling	
  could	
  not	
  be	
  
controlled	
  (no	
  age	
  difference)	
  

•  Grags	
  were	
  not	
  actually	
  injected	
  into	
  
anterior	
  chamber	
  (possible	
  difference	
  in	
  
fluid	
  dynamics)	
  

•  Grags	
  unfurled	
  on	
  a	
  bed	
  of	
  viscoelas3c	
  



Conclusions	
  

•  No	
  significant	
  Difference	
  in	
  endothelial	
  cell	
  loss	
  between	
  
Modified	
  Jones	
  tube	
  (Glass)	
  	
  and	
  Viscoject	
  (Plas3c)	
  
despite	
  material	
  and	
  dimensional	
  differences	
  

•  DORC	
  Glass	
  Injector	
  may	
  perform	
  very	
  similarly	
  
•  Parallel	
  scrape	
  marks	
  visible	
  regardless	
  of	
  injector	
  type	
  

but	
  reduced	
  in	
  DORC	
  injector	
  
•  Near	
  30%	
  ECD	
  to	
  peel	
  and	
  trephine	
  grag	
  and	
  deliver	
  it	
  to	
  

anterior	
  chamber	
  	
  (5-­‐10%	
  from	
  the	
  injector	
  step	
  alone)	
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Calcein	
  AM	
  Staining	
  
•  Cell	
  permeable	
  compound	
  (Invitrogen,	
  Inc.)	
  
•  It	
  is	
  hydrolyzed	
  to	
  strongly	
  green	
  fluorescent	
  	
  non-­‐membrane	
  

permeable	
  compound	
  by	
  esterases	
  in	
  live	
  cells	
  	
  

•  Retained	
  in	
  live	
  cells	
  with	
  intact	
  membrane	
  
•  More	
  sensi3ve	
  than	
  Trypan	
  blue	
  methods	
  due	
  to	
  func3onal	
  and	
  

membrane	
  integrity	
  component	
  of	
  stain	
  


